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Recent results from the proton-proton collision data taken by the ATLAS experiment on the charmonium production adéomeson
production and decays are presented. The measureméptaheson and)(2S) meson differential cross sections is reported. New results
on theB meson decays td/z/;Dg*) final states are included. Both studies are basegpaollision data collected ay/s = 13 TeV during

the LHC Run 2, corresponding to an integrated luminosity of 139 ftThe measurement of the differential ratios of i and BT mesons
production cross sections @fs = 8 TeV with an integrated luminosity of 20.3 0 is also discussed.
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1. Introduction mesons production cross sections are measured in bins of
the mesorpr and rapidity, as well as non-prompt fraction
ATLAS [1] at the Large Hadron Collider (LHC) is a multi- for poth mesons and ratio betweeii2S) and.J /v produc-
purpose detector, designed to study a variety of physics phgpns. The studiegb range extends to 360 (140) GeV for
nomena. In heavy flavour physics, it is mainly focused onj/y (1(25)) meson. This is higher than in all other similar
studying final states with two muons, due to the availability of jyeasurements to date.
corresponding triggers with relatively low muon thresholds. Figure 1 shows a comparison of the measured non-
Heavy quarkonium states decaying to muon pairs represeptompt production cross sections to FONLL model expec-
a good object for studying heavy quark dynamics. Howeveriation. The theory overestimates the data.fét) mesonpr

despite the long history, the investigation of quarkonium pro-4phave100 — 150 GeV while the agreement far(25) meson
duction in hadronic collisions still represents significant chal-ig reasonable within the available precision.

lenges to both theory and experiment. The large amount of
pp collision data collected by the LHC experiments opens N
new opportunities for precise measurements offffeme- 3. BJ meson measurements
son properties. These studies were limited before because of h th q h q
a low B meson production cross section. Being the onlyVith the \J{g - 8 TeV dataset ATLAS has measure [4] a
weakly decaying meson consisting of two heavy quarks, thielative B /B meson production rate defined as:

+ i i I -
B meson represents a unique testing grour_1d fqrvanousthe o(B})  B(BY — J/yrt)
oretical approaches that are used to describe its production X .

. : . o(B+) " B(Bt — J/YKT)

and decays. This proceeding overviews the recent measure-
ments of charmonium production ariZ}™ meson properties  The measurement is done inclusively in two bins of the me-
performed withpp collision data collected at 8 and 13 TeV son pr or rapidity. The relative production cross section

centre-of-mass energies. for the inclusive regiorpr > 13 GeV and|y| < 2.3 is
(0.34 4 0.04(stat.) 505 (syst.)+ 0.01(lifetime))%. The re-
2. Charmonium production measurement sults are shown in Fig. 2. ThB," production cross section is

found to decrease withy faster than that of th&* produc-
Differential production cross section of /1) and «(2S)  tion while no significant dependence of the relative rate on
mesons was measured by ATLAS usipg collision data the rapidity is seen. The ATLAS result is consistent with one
collected at,/s = 13 TeV corresponding to an integrated obtained by CMS in a similar kinematic range&t = 7 TeV
luminosity of 139fl! [2]. The measurement aimed at and smaller than in the measurement of LHCb at loweand
high-pt charmonium production, to benefit from using high- higher rapidity (see Ref. [4]).
pr single-muon triggers. The fixed-order next-to-leading- A new measurement of the branching fraction of the
logarithm (FONLL) model calculations [3] within the frame- B} — J/z/)D(S*)+ decays relative to the referenés” —
work of perturbative QCD have been reasonably successful id/¢n+ decay channel was done in ATLAS with the full
describing the non-prompt contributions, however, a satisfacy/s = 13 TeV dataset [5]. The purpose of this study is to
tory understanding of the prompt production mechanisms igmprove the precision of measured properties of these decays
still to be achieved. Prompt and non-promygity andq(2.5) by using a larger data sample and new analysis methods. The
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FIGURE 1. The ratios of the FONLL prediction to the measured differential cross sections for non-pigmpieft) and(2S) (right)
mesons. The green shaded bands represent the range of theoretical uncertainty associated to the variations of the scales. Figure is taken from
Ref. [2].
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FIGURE 2. Production cross section for thig relative to theB™ (times the corresponding branching fractions) in two bingrofleft) and
rapidity bins (right). Inner black (outer red) error bars show the statistical (total) uncertainty. For the inclusive bin, the horizontal black (red)
bands show the statistical (total) uncertainty. Figure is taken from Ref. [4].

Bf — J/ng*)Jr decay candidates are built by combin- 7° meson which are not reconstructed in the analysis. How-
ing the selected//+¢» meson andD " meson candidates. ever, the mass difference between gt and D mesons
The J/¢) meson decays at the same point asiemeson is sufficient for the two decay signals to be resolved as two
(secondary vertex) while thB} meson lives long enough to  distinct structures in the distribution of reconstructed mass of
form a displaced tertiary vertex. J/¢ DY system. Thel/1) meson is reconstructed via its de-
The DI meson is reconstructed via tiig™ — ¢+ de- ~ cay into a muon pair. Th&8 — J/¢n" decay is used as a
cay with thep meson decaying into a pair of charged kaons.reference to measure the branching fractions.
The D" meson decays intol meson and a soft photon or

Supl. Rev. Mex. Fis3 0308054



ATLAS RESULTS ON CHARMONIUM PRODUCTION ANDBg MESON PRODUCTION AND DECAYS 3

> I N N N B R W RS st 180 prre e e [ e e L S e [ e
% 200 F—e— Data ATLAS Preliminary - g i ATLAS Preliminary
S 180 Totalfi (s=13TeV, 1397 o, 180 + + + Vs=13TeV, 139 b7
N [ Bi—J/yD ] o 140 L
o 160 i BIsuyD™, A, Dataset 1 7 = i Dataset 1
2140 e BIWD! Ay = o 120 # ——————
Lﬁ 120 ;—- Combinatorial background é 100 ;_._ Data
100 i 80 ;— Totalfit
30 g ] [ e Bl-JiyD,
F 3 ] 60 [omen BiosJiyD™, A
60 | H . F o, £ Df+ B
F i ] 40 F e 2R i
40 E £ E [ — = Combinatorial background N
20 ] 20r 7
0 :J L 1 S wL‘:- I' 1 B ;'w |"~ L } L i L - i 1 L : 0 I I\h} s
2+ : 2k ]
o ! ' F 1 W 2 H r ] o
= 0f . = 0§
a F ] a
2+ =
5800 6000 6200 6400 6600 6800 0 01 02 03 04 05 06 07 08 09 1
m(JI\uD;) [MeV] |cose'(u")]

FIGURE 3. Distributions of theJ/% D} system invariant mass (left) and absolute cosine oftf¥ helicity angle (right) for the selected
J/¢¥ DY candidates. The overall fit result is shown, as well as contributions dBthe~ J/y D} decay and different helicity components
of B — J/yD:* decay signal. Figure is taken from Ref. [5].

UATLAS Prelininary S ] i The ratio between the branching fractions Bf —
ATLAS (Run 2) — L s g 4 + + .
emny| o i : J/yDit andBr — J/¢ D7 decays is found to be
ATLAS (Run 1) ‘ '
acpPum = [ . RD§+/DS+ = 1.93 &+ 0.24(stat.)+ 0.10(syst.) 3)
QCDSR| = - [ ]
oo e - Pl The fraction of transverse polarization By — J/¢ D"
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FIGURE 4. Comparison of the3+ —s J/z/)D(*H decay measure- with results of earlier ATLAS and LHCb measurements done

ment results with those of ATLAS and LHCb Run 1 measurementsWith Vs = 7,8 TeV data and with relevant theory predic-

and with various theoretical predictions (corresponding referencedions. The precision of all measured quantities exceeds that
can be found in Ref. [5]). Figure is taken from Ref. [5]. in the earlier studies. Consistency of the predictions for the

branching fraction ratios with data varies between the used

To extract the signal yields and helicity composition of approaches. It is worth pointing out though that the mea-
the B} — J/¢D:* decay, distributions of /¢)D} system  sured value of'. . /T agrees with the value of 2/3 expected
invariant mass and th&/ helicity angle are exploited. Pro- from naive spin-counting considerations, while the dedicated
jections of the corresponding 2D fit are shown in Fig. 3. calculations yield values noticeably below data.

Three ratios of branching fractions and the fraction of
transverse polarization in thB} — J/¢D** decay are
measured. The ratios between the branching fractions foff- Summary
Bf — J/ng*)Jr andBr — J/¢7t decays are found to

be The recent ATLAS results in heavy flavour physics, includ-

ing studies of charmonium production atj” production
Rp+ jpr = 2.76 £0.33(stat.) and decay were highlighted in this contribution. They are
obtained with the data collected by LHC during Run 1 and

+0.29(syst.)+ 0.16(D), @ Run 2, corresponding to integrated luminosities 20:3fb
Ryt et = 5.33 & 0.61(stat.) and 139fb! respectively. These results are compared to the-
: oretical predictions and can serve as probes for the available
+ 0.67(SySt.):|: 032(D5) (2) models.

Supl. Rev. Mex. Fis3 0308054



T. LYUBUSHKINA

i. The uncertainty on the branching fraction db} —
¢(KTK™)nt decay.
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